Introduction
============

Renal cell carcinoma (RCC) is the most common cancer of the kidney \[[@b1-crt-2014-289]\]. Approximately 20%-30% of patients are diagnosed with metastatic disease, and 70%-80% of patients are presented with localized or locally advanced disease at the time of diagnosis, which is potentially curable by radical surgical resection alone \[[@b2-crt-2014-289]\]. Among patients who undergo radical resection for localized disease, future metastatic disease develops in 20%-40% of the patient population \[[@b3-crt-2014-289]\].

An understanding of the pathogenesis of RCC at the molecular level, and randomized clinical trials, have established the standard role of the orally administered vascular endothelial growth factor receptor and platelet derived growth factor receptor inhibitor sunitinib for the treatment of advanced RCC \[[@b4-crt-2014-289]\].

Clinical trials are the standard way to evaluate the efficacy of new investigational therapies \[[@b5-crt-2014-289]-[@b7-crt-2014-289]\]. In various types of cancer (e.g., melanoma, ovarian cancer, lung cancer), data suggests that there exist a 'trial effect,\' whereby clinical trials participants may have an improved outcome simply by participating in a clinical trial itself \[[@b5-crt-2014-289]-[@b10-crt-2014-289]\]. Positive effects of clinical trials participation may include improved routine care and treatment delivery, quality control, and close observation, leading to better patient compliance and clinician practice \[[@b5-crt-2014-289],[@b7-crt-2014-289],[@b8-crt-2014-289],[@b9-crt-2014-289],[@b11-crt-2014-289]\].

The effect of clinical trial participation on the outcome of treatment in metastatic RCC is poorly defined. This knowledge would be important, as treatment options and clinical trials with targeted therapies for patients with metastatic RCC have significantly expanded in recent years. Thus, we aimed to study the effect of clinical trial participation on the outcome of metastatic RCC patients treated with sunitinib.

Materials and Methods
=====================

1. Study group
--------------

We reviewed the records of patients (unselected cohort, international multicenter database) with evidence of metastatic RCC, who were treated with sunitinib between February 1, 2004, and December 31, 2013, in six centers across two different countries: the United States (Sidney Kimmel Comprehensive Cancer Center at Johns Hopkins, Baltimore, MD) and Israel (Institute of Oncology, Meir Medical Center, Kfar Saba; Department of Oncology, Asaf Harofe Medical Center, Zerifin; Department of Oncology, Rambam Medical Center, Haifa; Department of Oncology, Sheba Medical Center, Tel Hashomer; Department of Oncology, Soroka University Medical Center, Beer-Sheva). Patients treated with sunitinib within clinical trials were identified and individually matched by clinicopathologic factors to patients treated with sunitinib as standard therapy out of a clinical trial. Patient data were retrospectively and personally collected by the investigator D.K. from electronic medical records and paper charts, including the following baseline clinical characteristics and known prognostic factors \[[@b12-crt-2014-289]-[@b19-crt-2014-289]\]: age, sex, pretreatment smoking status (active versus past/never), histology (clear cell versus non clear cell), past nephrectomy, the time interval from initial diagnosis to sunitinib treatment initiation, prior systemic therapies, number of metastases sites, presence of lung/liver/bone metastases, Eastern Cooperative Oncology Group (ECOG) performance status, hemoglobin level, corrected (for albumin) calcium level, pre-treatment neutrophil to lymphocyte ratio (NLR), sunitinib induced hypertension, and sunitinib dose reduction or treatment interruption. Data on the concomitant use of medications, including angiotensin system inhibitors (angiotensin converting enzyme inhibitors and angiotensin II receptor blockers) and bisphosphonates, was gathered from patients electronic medical records and paper charts, pharmacy records, and by contacting patients and other treating physicians as needed. The outcome data was last updated on December 31, 2013, including the objective response rate, progression free survival (PFS), and overall survival (OS). Patients who did not progress or die by December 31, 2013 were censored in PFS analysis or OS analysis, respectively.

2. Sunitinib treatment
----------------------

All patients had objective disease progression on scans before starting sunitinib treatment. Sunitinib was administered orally, usually at a starting dose of 50 mg once daily, in 6-week cycles consisting of 4 weeks of treatment followed by 2 weeks without treatment. On treatment dose reduction or treatment interruption were done for the management of adverse events, depending on their type and severity, in accordance to the standard guidelines. Treatment was continued until evidence of disease progression on scans, unacceptable adverse events, or death. Patient follow-up generally consisted of regular physical examinations and laboratory assessments (hematologic and serum chemical measurements), every 4-6 weeks, and imaging studies performed every 12-18 weeks.

3. Treatment outcomes
---------------------

For the evaluation of response, the Response Evaluation Criteria in Solid Tumors (RECIST) ver. 1.1 was applied \[[@b19-crt-2014-289]\]. In patients with only bone metastases, only complete response, stable disease, or progressive disease were noted, not partial response \[[@b19-crt-2014-289]\]. The response was assessed by independent radiologists and treating physicians (while the patients were on treatment in each center, as part of standard patient follow-up). PFS was defined as the time from the initiation of sunitinib treatment until evidence of disease progression on scans or death of any cause. Overall survival was defined as the time from the initiation of sunitinib treatment to death of any cause.

4. Statistical analysis
-----------------------

Data was analyzed retrospectively. Patients in the groups of clinical trials participants and non-participants were individually matched by age, sex, RCC histology, prior nephrectomy, prior systemic therapy, sunitinib induced hypertension, sunitinib dose reduction/treatment interruption, the use of angiotensin system inhibitors, Heng risk, and pretreatment NLR.

Clinicopathologic characteristics and response rate were compared between clinical trials participants and non-participants, by chi-square test or Fisher\'s exact test for nominal data, and two-sample t test (or Mann-Whitney non-parametric test) for continuous measures. In all tests, a two tailed p-value of less than 0.05 was considered statistically significant. Cox proportional hazards regression model was used for comparison of PFS and OS between the two groups.

Furthermore, to determine if participation in a clinical trial is independently associated with treatment outcome, a univariate analysis (unadjusted) of association between each clinicopathologic factor and clinical outcome was performed for the entire patient cohort, using logistic regression for response rate and Cox regression model for survival outcomes (PFS and OS). Factors with significant association in the univariate analysis were included in multivariate Cox proportional hazards regression model to determine their independent effects.

PFS and OS times (probability and median) were estimated from Kaplan-Meier curve. Data were analyzed using SPSS ver. 21 (IBM Co., Armonk, NY).

5. Regulatory considerations
----------------------------

The research was carried out in accordance with the approval by the Institutional Review Board committee of our institutions.

Results
=======

1. Patient characteristics
--------------------------

Forty-nine patients treated with sunitinib within clinical trials (NCT00083889, NCT00130897, NCT00444314) were identified and individually matched, via clinicopathologic factors, to 49 patients treated with sunitinib as the standard therapy out of a clinical trial. The distribution of clinicopathologic factors is shown in [Table 1](#t1-crt-2014-289){ref-type="table"}. Clinicopathologic factors used to individually match patients were age (median, 64 years), sex (male, 67%), histology (clear cell, 86%; n=42), past nephrectomy (92%, n=45), prior systemic therapy (16%, n=8; including interferone n=5 in clinical trials participants and n=6 in non-participants, or IL-2 n=3 in participants and n=2 in non-participants), sunitinib induced hypertension (45%, n=27), sunitinib dose reduction/treatment interruption (41%, n=20), use of angiotensin system inhibitors (37%, n=18), Heng risk stratification (favorable 25%, n=12; intermediate 59%, n=29; poor 16%, n=8), and pre-treatment NLR (≥ 3 in 55%, n=27). The groups were balanced with regard to the presence of lung (p=0.62)/liver (p=0.27)/bone (p=0.67) metastases, number of metastatic sites (p=0.8), smoking status (p=0.97), presence of sarcomatoid component in tumor histology (p=0.84), and subsequent lines of therapy (p=0.7 and p=0.85 for subsequent second and third lines of therapy). In clinical trial participants, subsequent second line of therapy included sorafenib (n=13), bevacizumab (n=6), and everolimus (n=5); moreover, subsequent third line of therapy included everolimus (n=2), bevacizumab (n=1), and sunitinib rechallenge (n=1). In clinical trial non-participants, subsequent second line of therapy included temsirolimus (n=7), everolimus (n=5), sorafenib (n=4), pazopanib (n=3), and bevacizumab (n=2); and subsequent third line of therapy included pazopanib (n=2), and axitinib (n=1).

2. Sunitinib treatment outcomes
-------------------------------

In clinical trial participants versus non-participants, objective response was partial response/stable disease 80% (n=39) versus 74% (n=36), and progressive disease at first imaging evaluation within the first 3 months 20% (n=10) versus 26% (n=13) (p=0.63; odds ratio, 1.2) ([Table 2](#t2-crt-2014-289){ref-type="table"}). The median PFS ([Fig. 1](#f1-crt-2014-289){ref-type="fig"}) was 10 versus 11 months (hazard ratio \[HR\], 0.96; p=0.84), and median OS ([Fig. 2](#f2-crt-2014-289){ref-type="fig"}) 23 versus 24 months (HR, 0.97; p=0.89) ([Table 2](#t2-crt-2014-289){ref-type="table"}).

3. Univariate analysis (entire patient cohort, n=98) of factors associated with PFS and OS
------------------------------------------------------------------------------------------

Smoking status (HR, 3.35; p \< 0.001 for active vs. never/past smokers), Heng risk (HR, 1.23 and 2.5; p=0.41 and p=0.005, for favorable and intermediate versus poor risk, respectively), use of angiotensin system inhibitors (HR, 0.6 for yes vs. no; p=0.024), past nephrectomy (HR, 0.41 for yes vs. no; p=0.014), sunitinib induced hypertension (HR, 0.57 for yes vs no; p=0.009), non-clear cell histology (HR, 2.8 vs. clear cell histology; p=0.001), and pre-sunitinib treatment NLR \> 3 (HR, 2.5 for \> 3 vs. ≤ 3; p \< 0.001) were individually associated with PFS. The status of clinical trial participation (yes vs. no) was not associated with PFS (HR, 1.1; p=0.7).

Smoking status (HR, 3; p \< 0.001 for active vs. never/past smokers), Heng risk (HR, 1.38 and 2.13; p=0.23 and p=0.032, for favorable and intermediate versus poor risk, respectively), past nephrectomy (HR, 0.4 for yes vs. no; p=0.012), non-clear cell histology (HR, 2 vs. clear cell histology; p=0.023), sunitinib induced hypertension (HR, 0.59 for yes vs. no; p=0.019), and pre-sunitinib treatment NLR \> 3 (HR, 1.8 for \> 3 vs. ≤ 3; p=0.009) were individually associated with OS. Status of clinical trial participation (yes vs. no) was not associated with PFS (HR, 1.15; p=0.48).

4. Multivariate analysis (entire patient cohort, n=98) of factors associated with PFS and OS
--------------------------------------------------------------------------------------------

Factors independently associated with PFS were smoking status (HR, 2.18; p=0.009, for active vs. never/past smokers), non-clear cell histology (HR, 3 vs. clear cell histology; p=0.008), use of angiotensin system inhibitors (HR, 0.56 for yes vs. no; p=0.03), and pre-treatment NLR \> 3 (HR, 1.95 for \> 3 vs. ≤ 3; p=0.015). Factors that were independently associated with OS were smoking status (HR, 2.9; p=0.001, for active vs never/past smokers), non-clear cell histology (HR, 2.1 vs. clear cell histology; p=0.032), and pre-treatment NLR \> 3 (HR, 1.4 for \> 3 vs. ≤ 3; p=0.02).

Discussion
==========

In the present study, we did not find a 'clinical trial effect' in patients with metastatic RCC treated with sunitinib. The outcome of clinical trial participants was similar to that of matched patients treated out of a trial, in terms of objective response, PFS, and OS. Furthermore, in a univariate-multivariate analysis of the entire patient cohort (trial participants plus non-participants), the status of clinical trial participation was not associated with treatment outcome.

A positive effect of clinical trial participation on treatment outcome, may be explained by multiple factors, including a protocol effect (the way therapy is given), care effect (incidental aspects of care), Hawthorne effect (changes in health care practitioners and patients behavior due to the knowledge that they are under monitoring), placebo effect, treatment (per clinical trial) in high-volume centers (per clinical trial) versus non-academic institutions (i.e., participation in clinical trials may represent a quality characteristic of medical centers. Thus, healthcare systems that are active in clinical trials may deliver better outcomes for patients than healthcare systems that are inactive in trials) \[[@b9-crt-2014-289]-[@b11-crt-2014-289],[@b20-crt-2014-289]\]. Another potential association between clinical trial participation and outcome may also arise if clinicians who tend to recruit to trials also tend to be more competent clinicians \[[@b8-crt-2014-289]\].

However, some studies found only a weak evidence to suggest that clinical trials participation leads to a positive effect on the outcome of participants \[[@b8-crt-2014-289],[@b9-crt-2014-289],[@b20-crt-2014-289]-[@b22-crt-2014-289]\].

Furthermore, other studies found a trial effect only when the investigational treatment arm of a clinical trial was more efficacious than the standard treatment arm \[[@b20-crt-2014-289]\]. Moreover, improvement in outcomes of patients participating in clinical trials, as reported by some studies, might be related to bias from methodological difficulties as data collection, i.e., retrospective analysis, patient selection (e.g., exclusion of patients with coexisting medical conditions), a better follow-up of patients treated per clinical trials than out of trials, and failure to publish studies reporting negative trial effects \[[@b9-crt-2014-289],[@b20-crt-2014-289]\].

Various reasons might be put forward to explain the present study findings, of similar outcomes between clinical trial participants and non-participants. First, all non-participants were treated in academic medical centers. It is possible that institutional standardization of care (e.g., regular follow-up by a dedicated nurse who specialized in the management of sunitinib toxicity), may provide the same benefit as treatment, thus eliminating the potential for the participation effects \[[@b20-crt-2014-289]\]. Second, our patients were treated with an oral targeted agent. In most studies reporting clinical trial effect, patients were treated with intravenous chemotherapy and radiation therapy. To the best of our knowledge, the effect of clinical trial participation on the outcome of modern targeted therapies is poorly defined. Finally, some data suggests that when stratified by tumor type, the beneficial effect of trial enrollment may be seen only in selected types, such as breast, lung and colon cancer, and may not be seen in other types, such as melanoma, pancreatic and hepatobiliary cancers \[[@b23-crt-2014-289]\].

Our study has some limitations. First, this is a multicenter retrospective study that represents an unselected heterogeneous cohort of patients that were treated with sunitinib, including all histologic variants of RCC, and patients who were treatment naïve and those with a history of prior therapy. Moreover, our data do not exclude the possibility of a trial effect at other institutions. Nonetheless, the outcome of the present study patient population (i.e., median PFS of 10-11 months, and median OS of 23-24 months) is similar to the previously published data on patients with metastatic RCC that are treated with sunitinib \[[@b19-crt-2014-289]\]. Second, we are unable to exclude the possibility that unequal distribution of unidentified clinicopathologic parameters in our patient cohort may have biased the observed results. Third, the total number of 98 patients is relatively small. Thus, our study might have been underpowered to show a difference in the outcome. Other clinicopathologic factors, including status of clinical trial participation, that were not found to be significantly associated with disease progression in the present study might have been important in a larger patient cohort.

Fourth, whether our findings are specific to sunitinib or generalizable to other tyrosine kinase inhibitors is not known.

Despite these limitations, our clinical observation on the status of clinical trial participation does not impact the outcome of sunitinib treatment in metastatic RCC an may contribute to treatment decisions, patient selection, and clinical trials design. Given the above evidence, discussion between clinicians and mRCC patients about participation in a clinical trial should focus on the improvement of future therapy, and not the direct benefit of research participation. Physicians should not imply a survival benefit when counseling metastatic RCC patients about entering clinical trials.

Further prospective studies may be warranted, to test and confirm our hypothesis generating observation in larger patient cohorts, to define the association between clinical trial participation and outcome in different subgroups of patients (e.g., according to risk by prognostic models, clear cell versus non-clear cell histology, and first line versus advanced line treatment).

Conclusion
==========

We investigated the effect of clinical trial participation on outcome of patients with mRCC who were treated with sunitinib. After accounting for other clinicopathologic factors, we were unable to show that participation in a clinical trial may in itself provide an outcome advantage to these patients.

The present study may improve confidence that the trial treatment effects will translate to the real-world setting. Discussion between clinicians and mRCC patients regarding participation in a clinical trial should focus on the improvement of future therapy rather than the direct outcome of research participation.

Conflict of interest relevant to this article was not reported.
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###### 

Baseline patients characteristics stratified by status of clinical trial participation

  Characteristic                                    Clinical trial participants (n=49)   Matched clinical trial non-participants (n=49)   p-value
  ------------------------------------------------- ------------------------------------ ------------------------------------------------ ---------
  Age (yr)                                                                                                                                
   Median (range)                                   64 (22-79)                           64 (24-77)                                       0.8
   Mean±SD                                          61±11                                62±10                                            
  Sex                                                                                                                                     
   Male                                             33 (67)                              33 (67)                                          \> 0.99
   Female                                           16 (33)                              16 (33)                                          
  Tumor histology                                                                                                                         \> 0.99
  Clear cell histology                              42 (86)                              42 (86)                                          
  Non-clear cell                                    7 (14)                               7 (14)                                           
  Presence of sarcomatoid component                 3 (6)                                4 (8)                                            0.84
  Past nephrectomy                                  45 (92)                              45 (92)                                          \> 0.99
  Prior systemic therapy                            8 (16)                               8 (16)                                           \> 0.99
  Lung metastasis                                   38 (78)                              40 (82)                                          0.62
  Liver metastasis                                  12 (24)                              17 (35)                                          0.27
  Bone metastasis                                   18 (37)                              16 (33)                                          0.67
  ≥ 2 metastatic sites                              41 (84)                              44 (90)                                          0.8
  Sunitinib induced HTN                             27 (45)                              27 (45)                                          \> 0.99
  Sunitinib dose reduction/treatment interruption   20 (41)                              20 (41)                                          \> 0.99
  Users of ASIs                                     18 (37)                              18 (37)                                          \> 0.99
  Users of bisphosphonates                          11 (22)                              2 (4)                                            0.04
  Heng risk stratification                                                                                                                
   Favorable                                        12 (25)                              12 (25)                                          \> 0.99
   Intermediate                                     29 (59)                              29 (59)                                          
   Poor                                             8 (16)                               8 (16)                                           
  Pre-treatment NLR \> 3                            27 (55)                              27 (55)                                          \> 0.99
  Smoking status                                                                                                                          
   Never                                            19 (39)                              20 (41)                                          0.97
   Past                                             18 (37)                              18 (37)                                          
   Active                                           12 (24)                              11 (22)                                          
  Subsequent therapy lines                                                                                                                
   Second line                                      24 (49)                              21 (43)                                          0.7
   Third line                                       4 (8)                                3 (6)                                            0.85

Values are presented as number (%) unless otherwise indicated. SD, standard deviation; HTN, hypertension; ASIs, angiotensin system inhibitors; NLR, neutrophil to lymphocyte ratio.

###### 

Sunitinib treatment outcome stratified by status of clinical trial participation

  Treatment outcome                                                Clinical trial participants (n=49)   Matched clinical trial non-participants (n=49)   p-value   HR (95% CI)
  ---------------------------------------------------------------- ------------------------------------ ------------------------------------------------ --------- ------------------
  Response rate                                                                                                                                                    Odds ratio, 1.2
   Partial response                                                26 (53)                              20 (41)                                          0.63      
   Stable disease                                                  13 (27)                              16 (33)                                                    
   Disease progression within 12 weeks of the start of sunitinib   10 (20)                              13 (26)                                                    
  Median PFS (mo)                                                  10                                   11                                               0.84      0.96 (0.68-1.19)
  Median OS (mo)                                                   23                                   24                                               0.89      0.97 (0.72-1.13)

Values are presented as number (%) unless otherwise indicated. HR, hazard ratio; CI, confidence interval; PFS, progression free survival; OS, overall survival.
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